The effects on P. horizontalis are in keeping with these observations. Moreover, because nothing is known of the function of acetylenic TAGS, changes in their labelling compared with other species are also worthy of investigation.
Abstract
T h e contents of the chloroplast acidic lipids, S Q D G (sulphoquinovosyldiacylglycerol) and P G (phosphatidylglycerol), were reduced in the cells of Chlamydomonas reinhartdtii with exposure to sulphur-or phosphorus-source limitation, respectively. T h e decrease in the content of one acidic lipid was accompanied by an increase in the content of the other acidic lipid, which resulted in the maintenance of a certain level of total acidic lipids of chloroplast membranes. On the other hand, the content of each acidic lipid was little affected by temperature stresses during cell growth.
Introduction
Chloroplasts contain four glycerolipids as major constituents of membrane lipids : monogalactosyldiacylglycerol, digalactosyldiacylglycerol, sulphoquinovosyldiacylglycerol (SQDG) and phosphatidylglycerol (PG). T h e last two lipids are characteristic of negatively charged head groups, and their levels have been reported to change inversely in several photosynthetic organisms when grown under phosphorus-source limiting conditions [l-31. In this study, we investigated the effects of environmental factors, such as sulphur or phosphorus sources, and temperature, on the contents of these acidic lipids during cell growth of a green alga, Chlamydomonas reinhardtii. Table 1 shows the acidic lipid contents of Chlamydomonas cells grown at three distinct temperatures. T h e cells were grown photoautotrophically at the designated temperatures and were used for lipid analysis, as previously described [4, 5] . S Q D G and P G amounted to 4.1 and 7.7 mol%, respectively, of total lipids in the cells grown normally at 25 "C. S Q D G and P G contents 0 2000 Biochemical Society Environmental Effects on Lipids: Salts and Heavy Metals were little affected by shifts in the growth temperature to 15 or 35 "C, indicating that the contents ofthese acidic lipids are maintained at certain levels irrespective of the growth temperatures so far as examined. T h e sum of these acidic lipid contents was inevitably almost constant
(1 2-14 mol 0 o of the total lipids). These results demonstrate that there is no mechanism regulating the contents of these acidic lipids in response to temperature changes. However, the contents of these acidic lipids were altered by growth under sulphur-or phosphorus-limiting conditions (Table 2 ). T h e cells were grown mixotrophically in normal Tris/ acetate/phosphate medium [4] containing 5 10 pM sulphate and 1.13 m M phosphate, or in modified T A P medium with sulphur limitation (5.1 pM sulphate) or phosphorus limitation (1 1.3 pM phosphate). T h e cells were then used for lipid analysis. T h e cells grown with a limited sulphur source, as compared with those grown under normal conditions, showed a loss of most of their S Q D G . T h e remarkable decrease in S Q D G content suggests that the cells utilize sulphur preferentially for the synthesis of essential metabolites, such as proteins, rather than for S Q D G synthesis. We previously concluded that S Q D G plays no vital role in C. reinhardtii, although it associates with the photosystem I1 complex for 913 expression of its full activity [4, 5] . Thus, the abandonment of a large part of its S Q D G is rational for the cells under sulphur-limiting conditions. P G content increased by 2-fold in correspondence with the decreased level of S Q D G , and therefore the summed content of these two lipids was little affected (Table 2) . A mutant of C . reinhardtii defective in SQOG, hf-2 has a higher content of P G than the wild type (10.8 versus 5.3 mol'd) of total lipids) to quantitatively compensate for the loss of S Q D G which originally accounts for 6.8 mol o$l in the wild type [4] . T h e elevated levels of P G under sulphur-limiting conditions or in hf-2 imply that P G can functionally substitute for S Q D G at least partially, and that some regulatory mechanism exists to maintain certain levels of total acidic lipids for maintenance of the functional integrity of chloroplast membranes.
On the other hand, the cells exposed to a limited phosphorus source, as compared with the control cells, showed a 40% decrease in P G content. T h e decrease in P G content can be explained by a process that copes with phosphorus limitation, such that phosphorus is diverted from P G biosynthesis to more critical metabolic processes for cell survival such as nucleic acid biosynthesis. T h e phosphorus-stress conditions brought about an increase in the SQDG content (Table 2) , which resulted in an almost constant level of total acidic lipids. These results imply that a mechanism exists to keep the total content of SQDG and PG constant under phosphoruslimiting conditions as well under sulphur-limiting conditions, and that SQDG can substitute for P G to some extent to sustain the membrane functions of chloroplasts. The decrease in PG content under phosphorus limitation was not so remarkable as that in SQDG content under sulphur-limiting conditions ( Table 2 ). We recently produced two mutants defective in PG from a cyanobacterium, Synechocystis sp. PCC6803, through disruption of either the cdsA or pgsA genes, responsible for PG synthesis [6, 7] . From the analyses of these mutants, it has been demonstrated that PG is essential for cell growth, and is required for the maintenance of chlorophyll-protein complex levels and of normal conformation and activity of the photosystem I1 complex. The fact that PG did not disappear, but remained at a moderate level under phosphorus limitation (Table 2) , may reflect the fact that P G plays some essential role for C. reinhardtii that cannot be conducted by SQDG.
